In this work, the effects of sodium dodecyl sulfate (SDS) concentrations on retention, separation selectivity, peak shapes and systems efficiency were investigated. Herein, the retention data for 11 alkaloids were determined on an RP18 silica column with mobile phases containing methanol as organic modifier, with acetate buffer at pH 3.5, and, subsequently, with the addition of sodium dodecyl sulfate (SDS). The results of this study indicate that the retention of alkaloids decreases with the increase of SDS concentration in the mobile phase. The increase of SDS concentration, however, leads to the significantly improvement of peak symmetry and the increase of theoretical plate number in all cases. The best system efficiency for most of the investigated alkaloids was obtained in a mobile phase containing 0.1 M SDS, while most symmetrical peaks were obtained through the addition of 0.3 M of SDS to the mobile phase.
INTRODUCTION
Analysis of basic compounds is very often performed by reversed-phase (RP) liquid chromatography (LC), using octadecylsilica (C18) or octyl (C8) stationary phases. However, several problems are found in such practice, among them being severely low efficiencies, tailed peaks and poor separation selectivity. Such behavior is caused mostly by the ion-exchange interaction of the positively charged analytes with free silanol groups of the silica matrix. The silanol ion-exchange interactions can be reduced by using a mobile phase with a buffer at low pH to suppress silanol ionization, or by employing a mobile phase with a buffer at high pH to suppress solute ionization, as well as by the application of a mobile phase incorporating the addition of anionic ion-pairing (IP) reagents (which form neutral associates), or the addition of amines as silanol blockers. However, it is possible to undertake RP-LC with conventional C18 columns and mobile phases containing a micellar surfactant e.g. sodium dodecyl sulfate (SDS). This approach has been shown to yield good performance in the analysis of basic compounds. In these conditions, the stationary phase is modified with an approximately constant amount of surfactant monomers, and the solubilising capability of the mobile phase is altered by the presence of micelles, giving rise to diverse interactions (hydrophobic, ionic and steric). The anionic surfactant layer adsorbed on the stationary phase interacts strongly with the positively charged basic compounds, increasing the retention and masks the silanol groups that are the origin of the poor efficiencies and tailing peaks in the RPLC system. Micellar liquid chromatography (MLC) is a mode of reversed-phase liquid chromatography which employs surfactants in the mobile phases at concentrations above the critical micellar concentration [10] . In MLC, the principal parameters are concentration of organic modifiers, pH and concentration of surfactant. The use of these modified mobile phases increases the hydrophobicity of the stationary phase and reduces the interaction between basic analytes and free silanols. The micelles in the mobile phases provide hydrophobic and electrostatic interactions, and they contribute towards enhancing the separations by HPLC. Micellar liquid chromatography offers a number of advantages to the researcher e.g. low toxicity, low cost, low volatility of mobile phase constituents, the possibility of simultaneous separation of ionic and non-ionic compounds. Moreover, it offers different separation selectivity, when compared to other chromatographic methods, owing to the involvement of a large number of parameters [7] .
SDS is a most adequate surfactant for use in the analysis of compounds with basic functional groups, such as quinolines [7] , Fluconazole and Tinidazole, in pharmaceuticals and biological fluids [2] , as well as with Timolol maleate in the presence of its degradation products [11] .
Ruiz-Angel et al. investigated the influence of an SDS addition to mobile phase on peak shape and separation selectivity of β-blockers [12] . In this work, the micellar mobile phase containing 0.1M sodium dodecyl sulfate and 3% (v/v) butanol on ODS-2 column was used for determination of clorazepate, diazepam and diltiazem in examined pharmaceuticals [6] . Moreover, analysis of urine samples containing cardiovascular drugs was performed by micellar liquid chromatography by way of a C18 column with a mixture of 0.11M SDS, 8% propanol, and 0.01M NaH 2 PO 4 at pH 3 or 0.15M SDS, and 15% propanol at pH 3 as mobile phases [3] . Furthermore, the determination of Enalapril and Hydrochlorothiazide in pharmaceutical preparations was then performed at the cyano bonded stationary phase, with the mobile phase containing 0.2M sodium dodecyl sulfate, 1% octanol, 10% n-propanol and 0.3% triethylamine in 0.02M phosphoric acid [8] . In addition, quantification of Paroxetine was carried out using a C18 column and a mobile phase of 0.15M sodium dodecyl sulfate, 6% 1-pentanol, 0.01M NaH 2 PO 4 at pH 3 [1] .
In such work, SDS can be applied in lower concentration in the mobile phase as an ion-pairing reagent. The retention of analytes in ion-pair chromatography system can be controlled by changing the type and concentration of the ion-pair reagent, type and concentration of organic modifier, as well as the pH of the mobile phase.
Chromatographic systems with ion pairing reagents being added to their buffered aqueous mobile phases have often been employed for the analysis of different basic compounds. For example, the alkaloids Nitidine and Chelerythrine, were determined by way of a C18 column with an eluent containing acetonitrile, sodium dodecyl sulphate (17.8 mM), 20 mM citric acid, pH 2.98, 57:43, v/v [9] . What is more, caffeine and alkaloids from Citrus aurantium contained in dietary weight loss products were determined by way of a C18 column with a mobile phase containing acetonitrile and sodium lauryl sulfate adjusted to pH 2.5 with concentrated sulfuric acid [5] . Sodium dodecyl sulfate was also employed as an ion pair reagent for the determination of Metformin in combination with Rosiglitazone, in tablets [20] . Plus, the addition of SDS as an ion-pairing reagent to the mobile phase was successfully utilized for the analysis of Gatifloxacin in bulk and formulations [13] . Finally, for the determination of the alkaloid, ephedrine, in medicinal plants, an addition of 5 mM of SDS was applied in one research work [4] .
The aim of our study was to bring about an understanding of the retention behavior of selected alkaloids by RP-HPLC in systems containing different concentrations of SDS as an eluent additive. The resulting paper covers systematic investigations of the SDS effect on separation selectivity, peak symmetry and system efficiency of selected alkaloids. In our work, the most symmetrical peaks were obtained in an eluent system with the addition of 0.3M SDS, and the best efficiency of system for most investigated alkaloids was observed in a mobile phase containing 0.1M SDS.
EXPERIMENTAL
In our study, the analysis was performed using a liquid chromatograph LC-10 ATVP Shimadzu, equipped with column: Xbridge C18 150 mm × 4.6 mm, 5 μm particle (Waters). Detection was performed by a Shimadzu detector SPD -10 AVP at 254 nm wavelength. All chromatographic measurements were carried out at 22ºC, controlled by way of a CTO-10ASVP thermostat with eluent flow rate of 1.0 ml/ min. Methanol of chromatographic quality was from Merck (Darmstadt, Germany), while sodium dodecyl sulfate (SDS) was obtained from Sigma-Aldrich (Steinheim, Germany). Other reagents were of analytical grade and obtained from Merck. The employed water was double distilled. The pH of 0.2 M acetate buffer used in experiments was measured for the aqueous solutions. Alkaloid standards listed in Table 1 were introduced to the system by use of a Reodyne 20 µL injector.
RESULTS
Alkaloid standards were chromatographed through the use of a C18 column, in eluent systems containing MeOH as organic modifier, acetate buffer at pH 3.5 and SDS in various concentrations. The first experiment was performed with a mobile phase containing 15% MeOH, acetate buffer and different concentrations of SDS. Figure 1 presents the obtained dependencies of log k values vs SDS concentration (0.025-0.3M) for the investigated alkaloids. In this part of the study, we found that the retention of alkaloids decreases with the increase of SDS concentration in the mobile phase, dramatically in the range 0.025-0.1M. This effect probably came about because, in mobile phases containing near 0.1M and higher concentrations of SDS, the formation of micelles is predominant. In a system with 0.025M SDS, with regard to the six alkaloids, retention was found to be very strong (t R >120 min). Changes in SDS concentration, hence, lead to changes in separation selectivity of the alkaloids. Of note, the better separation selectivity was in systems containing higher concentrations of SDS. Table 1 for abbreviations)
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The change of SDS concentrations also brought about differences in system efficiency and peak symmetry ( Table 1) . The best system efficiency for most investigated compounds was observed when 0.1M SDS was added to the mobile phase. In this system, for 6 alkaloids, N/m > 10 000, while in a system with a higher (0.3M) SDS concentration, chelidonine alone showed N/m > 10 000. Furthermore, in eluent with lower concentration (0.025M) SDS, an N/m >10 000 was evidenced for 3 of the alkaloids, and a lot of peaks were wide and strongly retained. Symmetry of peaks for most alkaloids improved with the increase of SDS concentration, e.g. for berberine, As = 2.72 in a system containing 0.025M SDS, but in the mobile phase, with the addition of 0.3M SDS, As = 1.18; for snaquinarine, As = 2.34 when the concentration of SDS was 0.05M, while As = 1.22 was obtained in a system with 0.3M SDS. It should be pointed out that all alkaloids have peaks with acceptable symmetry in systems with 0.2 or 0.3M SDS.
In the next step of our experiments, we examined the relationships between retention, peak symmetry, as well as system efficiency versus concentrations of organic modifier in a mobile phase containing various levels of SDS. The results of this work showed that for eluent systems with the addition of an 0.01M SDS agent, in most cases, the highest separation selectivity was obtained when eluent containing 55-60% MeOH was applied (Table 2) . What is more, the most symmetrical peaks for 10 alkaloids were obtained in a mobile phase containing 75% MeOH. Herein, values were in the optimal range (0.8<As<1.5). In addition, higher efficiencies were seen for most alkaloids in a mobile phase containing 60 or 65% of MeOH.
The influence of organic modifier on retention, peak symmetry and system efficiency was also investigated by way of chromatographic systems supplemented with 0.2M SDS in the mobile phase (Table 3) . In most systems investigated, the peaks for the majority of tested alkaloids were symmetrical. Furthermore, in systems with 20 and 30% of MeOH, As values for all investigated compounds were in the optimal range. Finally, the highest theoretical plate number was obtained when eluent systems containing 50% of organic modifier were applied.
Beyond the aforementioned work, the retention behavior of the investigated alkaloids was investigated by way of a mobile phase containing different concentrations of buthanol (BuOH) and acetate buffer at pH 3.5 and 0.15M SDS (Table 4) . It should be noted that higher alcohols are usually applied in micellar chromatography systems. Our work demonstrated that the retention of alkaloids in systems with BuOH, compared to systems with MeOH, was significantly weaker. However, for almost all the investigated alkaloids, a good symmetry of peaks was obtained in all systems containing BuOH. Moreover, for most compounds, the highest system efficiency was obtained in systems containing 7 or 9% of BuOH.
In order to compare the efficiency of different chromatographic systems, chromatograms were obtained for chelidonine in eluents incorporating various concentrations of SDS. These are presented in Figure 2 . In examining these, it is evident that, in the system containing 0.05M SDS within the mobile phase, the peak is asymmetric and tailing, while a more symmetric peak was obtained when the mobile phase was supplemented with 0.1M SDS. Furthermore, the most Current Issues in Pharmacy and Medical Sciences symmetric peak was obtained in an eluent system containing 0.3M SDS. Of note, the highest theoretical plate number for chelidonine was obtained in an eluent system containing 0.1M SDS.
CONCLUSIONS
The results presented herein indicate that the retention, separation selectivity, symmetry of peaks and system efficiency for investigated alkaloids depends significantly on the concentration of SDS in the mobile phases. What is more, the noticed decrease of alkaloid retention indicates that the formation of micelles in all applied mobile phases is predominant.
Our work also demonstrated that in eluent systems containing lower concentrations of SDS, alkaloid retention was strongest and the shape of peaks for most investigated compounds were poor, in comparison to systems with higher concentrations of SDS. Moreover, systems efficiency was highest in mobile phases containing 0.1M SDS.
Finally, more symmetrical peaks for most investigated alkaloids were obtained in a mobile phase containing MeOH and BuOH as organic modifiers, when higher concentrations of SDS (0.2-0.3M) were applied.
